W
hile the clinical efficacy of tumour necrosis factor (TNF) antagonists in rheumatoid arthritis (RA) and several other chronic inflammatory conditions is well documented, several aspects of their safety profile with respect to infections remain incompletely understood. Previously, we and several others documented an increased occurrence of uncommon intracellular infections such as tuberculosis following treatment with TNF antagonists. 1 2 Less is established with respect to the risk of more common, yet serious, infections, which constitute a more frequently occurring clinical problem. Most of the published randomised clinical trials with TNF antagonists have not been powered sufficiently to exclude meaningful increases in the risk for serious infections, but it is of interest to note that the numerical risks of serious infections were elevated in several such trials, and the difference reached statistical significance in at least one of these. 3 A recent metaanalysis of randomised trials with adalimumab and infliximab suggested a statistically significant 2-fold increase in the occurrence of serious infections with these agents. 4 The durations of these randomised controlled trials were 12-54 weeks and they included patients meeting tight inclusion and exclusion criteria characteristic of trials. It is therefore imperative to understand whether (1) the increased risk of serious infections is also mirrored in clinical practice, and (2) whether any increased infection risk also extends beyond the first 6-12 months of treatment. Infection data from observational studies based on biologics registers are in apparent conflict: Listing et al from the German Biologics Register reported an incidence of serious infections of around 6/100 and a significant 2-to 3-fold increased risk associated with TNF antagonists based on a total of 66 serious infections among 986 RA patients treated with biologics and 601 comparison patients. 5 A recent study by Dixon et al from the UK Biologics Register showed an overall rate for serious infections of 5.3/100, which did not correspond to any increased risk overall (but an increased risk of skin/soft tissue infections) based on 525 vs 56 infections among 9868 vs 1352 treated and untreated patients, respectively. 6 Whereas many of these differences can be explained by differences in design, analytical approach and statistical precision, more data are clearly needed.
In this study, we used one of the largest biologics registers (ARTIS 7 ) and some unique features of the Swedish health care system to assess the occurrence, relative risks (RRs) and predictors for patients with RA to be hospitalised with an infection.
SUBJECTS AND METHODS

Study population
The ARTIS cohort of patients treated with TNF antagonists
The setting and registers used in this study are described in more detail elsewhere. 7 Since 1999, patients above 16 years of age with RA (or other rheumatological diseases) starting treatment with TNF antagonists have been entered and followed-up in the practice-based national ARTIS register. For each initiated treatment, information on the underlying rheumatological condition including date of onset, date of treatment initiation (and discontinuation), type and dose of biologic, Disease Activity Score 28 (DAS28) and Health Assessment Questionnaire (HAQ), concomitant disease-modifying anti-rheumatic drugs (DMARDs), steroids, non-steroidal anti-inflammatory drugs (NSAIDs) and analgesics are recorded by the treating rheumatologist at treatment start as well as at pre-specified follow-up visits. For this study, we included all 4167 patients with RA starting a TNF antagonist treatment between 1 January 1999 and 31 December 2003. Characteristics of this population are given in table 1. Sixty-four percent had been exposed to infliximab, 40% to etanercept and 13% to adalimumab (17% had been exposed to more than one TNF antagonist). At the start of the first TNF antagonist treatment, proportions reporting treatment with DMARDs, steroids and NSAIDs were 70, 56 and 68%, respectively.
The Inpatient Register cohort of RA information in the underlying medical files suggest that the diagnostic correctness of these RA diagnoses is around 90%, and that the RA cohort that can be identified corresponds to a substantial proportion of all prevalent Swedish patients with RA (.50% assuming a population RA prevalence of 0.7%). 9 Of the 4167 RA patients in the TNF antagonist cohort, 2692 (65%) had one or more hospitalisations (listing RA) before their start of TNF antagonist treatment, and were also included in the Inpatient Register RA cohort (table 1). Table 2 displays the co-morbidity pattern among these 4167 and 2692 subjects, respectively, and among-for illustrative purposes-individually matched RA patients (four bio-naive subjects per each patient starting TNF antagonist treatment, matched by sex, age, time and county) from the Inpatient Register RA cohort.
Follow-up and outcome
All individuals in the above RA cohorts were linked through their personal identification 10 number to the following national, virtually complete registers: the Cause of Death Register (date of death), the Population Register (residency in Sweden during the study period) and the Emigration register (emigrations during the study period). Through linkage of the ARTIS TNF antagonist RA cohort and of the Inpatient Register RA cohort to the Inpatient Register, we identified all episodes of hospitalisation listing an infection among the discharge codes. Outcome was defined as the first hospitalisation listing an infection as the (or: among the) discharge diagnosis (-es) during follow-up. For individuals with more than one hospitalisation for infection during follow-up, only the first was used in the analyses of infections overall, and only the first per type of infection was used in the analyses of infections by type.
Follow-up was defined as time on first TNF antagonist (which started at first TNF antagonist treatment start, and ended at the first of 30 days after discontinuation of treatment, date of death, date of emigration or 31 December 2003), or as the corresponding time on a second TNF antagonist, respectively. (+0 and +90 day post-discontinuation windows were also employed but had little impact on the results, data not shown). For ,5% of all patients, exact treatment durations could not be determined. These individuals were considered at risk until the end of the study period. About one-third of the 4167 TNF antagonist-treated RA patients contributed less than 1 year of follow-up, one-third contributed 1-2 years of followup and one-third contributed 3-6 years.
Statistics
Occurrence of infection was expressed as the crude incidence of the outcome. RRs of infection associated with TNF antagonists were estimated through internal comparison within the Inpatient Register RA cohort 1999-2003 using Cox regression. In these analyses, TNF antagonist treatment was assessed as a time-dependent covariate. RRs were assessed for infections overall and by type. All models were stratified for sex, year of birth and county of residence, and adjusted for marital status and combinations of the following time-dependent co-morbidity hospitalisation covariates until 1 year before the outcome: hip, knee, shoulder and ankle joint replacements, diabetes, cardiovascular disease, pre-treatment infection, chronic obstructive pulmonary disease, accumulated number of hospitalisations, accumulated number of RA hospitalisations, accumulated number of medical diagnoses received and accumulated number of days spent in hospital. Proportionality of hazards was assessed by adding time (linear) as an interaction term. Predictors of infection were estimated using uni-and multivariate Poisson regression in the cohort of all 4167 TNF antagonist-exposed RA patients in ARTIS, using the first hospitalisation listing an infection as the dependent 
RR of infection following TNF antagonist treatment
Time on first TNF antagonist
Within the Inpatient Register RA cohort, the overall RR for TNF antagonist-associated infection adjusted for co-morbidity and use of inpatient care was increased around 30%, but displayed a statistically significant effect modification by time since treatment start, violating the proportional hazards assumption for all overall models (table 3) . Whereas the age-, sex-and county-stratified but otherwise unadjusted RRs were 1.74, 1.39 and 1.04 for the first, second and third year on treatment, adjustment for co-morbidity and use of inpatient care resulted in an RR of 1.43 (95% CI 1.18 to 1.73) during the first year of treatment, 1.15 (95% CI 0.87 to 1.50) during the second year of treatment and 0.82 (95% CI 0.62 to 1.08) for subjects remaining two or more years on their first TNF antagonist treatment (fig 1) . A similar pattern with increased, unelevated, and subsequently decreased risks over time on treatment was observed in models using alternative adjustments for co-morbidity and use of inpatient care, in which the point of RR estimates ranged from ¡10 to 15% compared with the above-mentioned adjusted RRs. There was no effect modification by age or sex. When infection was assessed separately by type, none of the RRs reached statistical significance apart from a borderline significant increase in respiratory infections (table 3) . In absolute terms, the around 30% elevated overall risk corresponded to one additional case of hospitalisation with infection for every 80 one-year treatments of RA with a first TNF antagonist (one additional case per 66 subjects during year 1, 148 during year 2, and one avoided infection per 123 subjects year 3 and onwards).
Time on second TNF antagonist
Among the 760 RA patients in the Inpatient Register RA cohort who switched to a second TNF antagonist treatment, the RR for infection during this second treatment was 2.10 (95% CI 1.36 to 3.27).
Baseline predictors for infection following TNF antagonist treatment
In univariate analyses among all 4167 TNF antagonist-treated RA patients in ARTIS, age, duration of RA, HAQ, DMARD use other than methotrexate, and pre-treatment co-morbidity all predicted infection risk (table 4) . Neither DAS28 not treatment with steroids at baseline were predictive for infection (table 4) . In multivariate models adjusted for all the above parameters, age, HAQ and DMARD treatment other than methotrexate remained as significant predictors.
DISCUSSION
Based on more than 4000 RA patients treated with TNF antagonists in a population-based setting, close to 400 observed hospitalisations with infections during follow-up, and some 10 000 corresponding outcomes in the comparator, our assessment of infection risk following TNF antagonist use has substantial statistical power. Our results suggest that when TNF antagonists are used in routine clinical care: (1) the incidence of hospitalisations with infections is of the same order of magnitude as that of serious infections in previous randomised or observational studies; (2) treated individuals are at a statistically significantly increased risk for hospitalisation with infection, but the magnitude of this risk increase is low to moderate, and lower than, for example, in the recent metaanalysis of trial data 4 ; (3) this excess infection risk is not driven by any particular type of infection, but is made up by an increased risk largely confined to the first year following treatment start; and (4) HAQ and other easily assessed clinical parameters, including past hospitalisations, all predict risk of subsequent hospitalisation with infection during TNF antagonist treatment, whereas baseline disease activity as measured by DAS28 does not.
The infection risk in the randomised controlled trials of TNF antagonists is somewhat difficult to interpret. Whereas some Table 2 Co-morbidity at the start of first tumour necrosis factor (TNF) antagonist treatment in (1) the Swedish ARTIS register cohort of 4167 patients with rheumatoid arthritis (RA) starting treatment with TNF antagonists 1999-2003; (2) in the subset thereof who had a pre-treatment hospitalisation with RA; and (iii) among sex-, age-and calendar period-matched bio-naïve RA controls (4 per RA patient in (2) trials have reported similar numbers of serious infections in both arms, 11 12 most have observed more serious infections in the TNF antagonist arm than in the placebo arm, 3 13-16 but power restraints have made this difference reach statistical significance in only a few trials. 3 16 By and large, no clear pattern with respect to drug, dose or setting has emerged. Of some concern is the recent meta-analysis including nine of the largest randomised trials of infliximab and adalimumab, in which TNF antagonist treatment (during 6-12 months) was associated with a doubled risk of serious infections, corresponding to one additional case per every 59 treatments of 6-12 months. 4 Data on infection risks from observational studies, mainly from biologics registers, are conflicting, with two of the largest registers reporting doubled 5 and no overall increase, 6 respectively, yet observed incidences of serious infections well in keeping with that reported from trials and that of our study. In both studies, mean follow-up was around 1 year. Data from the National Data Bank for Arthritis have so far not suggested any increased occurrence of hospitalisation for pneumonia following TNF antagonist treatment. 17 Our finding of increased RRs early after treatment start might offer some support for the results from the clinical trials of TNF antagonists. Importantly, however, beyond the first year of follow-up on first TNF antagonist treatment, we noted no significant increase in infection risk. Any analyses by time on drug should, however, be interpreted with some caution, as the case-mix is likely to shift over time: following ''shedding'' of individuals susceptible to infections relatively early following *Cox model stratified for sex, year of birth, county of residence and using calendar time as time scale. Adjusted for marital status, chronic obstructive pulmonary disease, any cardiovascular disease, any pre-treatment infection, diabetes, joint replacements in hip, knee, shoulder and ankle, respectively, total number of days spent in hospital and number of discharges listing RA. All time-varying covariates were assessed as time-dependent variables until 1 year before the outcome. start of treatment, and of non-responders to the drug, RRs are likely to decline with increasing follow-up. The impact of selection towards or away from high-risk patients is highlighted by our analysis of RR during the second treatment, which-despite similar exposure (TNF antagonist)-was markedly higher than during the first treatment episode.
Outcome ascertainment
In randomised trials, serious infections are defined as infections requiring hospitalisation and intravenous antibiotics, or which result in death. In the different observational studies of infections hitherto presented, serious infections have been identified through either patients' or doctors' self-reporting. 16 17 In our study, outcome was defined as hospitalisation with infection and was assessed in a manner independent of the patient or the treating doctor, but by an external and virtually complete prospective register linkage, independently of treatment status. This reduced bias from differential recall and observation, but did not allow a more detailed characterisation of all the 10 000 or so outcomes observed. It may be that RA patients treated with TNF inhibitors have a lower threshold for hospital care as clinicians might be more concerned with their ''new'' treatment. Differential thresholds for hospitalisation might have biased (presumably inflated) the RRs observed.
Internal validity
In our study, RRs were stratified for sex, age, county of residence, and implicitly for calendar period, thus allowing for substantial heterogeneity in hazards between different subsets of the study population. Furthermore, models were adjusted for time-dependent data on several co-morbidities and on hospitalisation patterns, which was of particular importance in light of the fact that our outcome was also defined as hospitalisation. Conversely, although a limitation of our study, the effect of a lack of DAS28 data in the Inpatient Register RA cohort is likely to be of limited magnitude since DAS28 was not a strong predictor for infection following TNF antagonist treatment. Importantly, the adjustments made guarantee neither lack of residual confounding, nor confounding from other factors. Because of the marked decline in RR by time on drug, an overall measure of RR would be difficult to interpret and is hence not presented.
Generalisability
The data sources used and the underlying health care are all largely population based, suggesting that no major uncontrolled selection bias was at hand. However, to maximise comparability, and since our comparator (individuals in the Inpatient Register RA cohort not exposed to TNF antagonists during the study period) had all been hospitalised with RA, we only included in the analyses of RRs those RA patients (n = 2629, 65%) of the TNF antagonist RA cohort who also had a pre-treatment hospitalisation with RA. Thereby, we essentially performed an internal comparison of those exposed and unexposed, respectively, to TNF antagonists within the Inpatient Register RA cohort. Although analyses comparing the entire ARTIS RA cohort with the Inpatient Register RA cohort yield largely similar results (data not shown), it should be noted that the RRs presented are strictly not generalisable beyond the two-thirds of all TNF antagonist-treated patients included in our estimation of RRs. In our study, baseline HAQ and co-morbidity variables emerged as important predictors for hospitalisation for infection during TNF antagonist treatment. In contrast, DAS28 at treatment start was not predictive of infection risk. This observation, which is in line with data from, for example, the British Biologics register, 6 underscores the fact that whereas activity measures such as DAS28 are important for the evaluation of therapeutic response, prediction of other health outcomes 18 requires other parameters. The predictive effect of DMARDs other than methotrexate might, considering that methotrexate is the standard DMARD option in the study population, reflect risks associated with methotrexate failure or concomitant conditions prohibiting use of methotrexate rather than risk associated with other DMARDs per se.
In conclusion, RA patients treated with TNF antagonists in clinical practice are at a slightly increased risk of being hospitalised with an infection, suggesting that a certain clinical alertness for infectious symptoms among treated patients may be warranted. The increase is, however, lower than was recently suggested from trial data, 4 and largely occurs during the first year of treatment.
